Method and Apparatus for Classifying Interference 



This invention relates to a mobile communications 
terminal for use in a cellular communications system, 
comprising an electronic circuit for receiving a wire- 
less communication signal carrying signal channels having 
processing means for extracting the signal channels. 

A typical cellular telecommunications system cell is 
organised about a base- station equipped with multiplexing 
means for transmitting communication signals carrying 
signal channels from a wired telephone net onto a radio 
frequency carrier that is broadcast by an antenna system 
over an area that the cell is designate to cover. A set 
of individual mobile subscriber stations - i.e. a mobile 
communications terminal - are each equipped to receive 
the broadcast frequency carrier and to de-multiplex the 
specific channel the terminal is intended to receive. 
Typically, two-way communication is supported and the 
mobile communications terminal is adapted to transmit 
signals to the base -station for subsequent multiplexing 
and distribution to a wired net or another base- station. 

In such a wire- less communications system, an assigned 
radio frequency bandwidth of frequencies is 
simultaneously shared by multiple subscribers using 
various multiple access techniques e.g. code division 
multiple access (CDMA) . In CDMA systems multiple 
subscribers can be accommodated on a single carrier in 
which each subscriber is assigned one or multiple codes 
that is used to carry information. A code waveform taken 
from a set of orthogonal waveforms allows the system to 
transmit information in separate information channels. 
These separate information channels can be used to carry 



individual information to different users and/or enable 
multiple information streams to one user. 

However, in such systems different types of interference 
may occur and diminish the communication quality. The 
interference situation can vary from time to time 
depending on the location of the mobile communications 
terminal relative to the base- station, the location of 
other base-stations, the actual load of the system, and 
the type of traffic on the communication channels. 
Furthermore, moving the mobile communications terminal 
relative to the base- station and movement of other 
objects affecting the transmission path between the base- 
station and the mobile communications terminal can affect 
the interference situation. 

Basically, interference can be divided into two groups: 

1. inter-cell interference, and 

2. intra-cell interference. 

Inter-cell interference originates from one or more 
neighbouring base stations. The fading of inter-cell 
interference is uncorrelated with the fading of the 
communication signal. In the following, inter-cell 
interference refers to interference that has an 
uncorrelated fading or no fading. Thus, inter-cell 
interference can be caused by thermal noise etc. 

Intra-cell interference originates from the same base 
station as the base station communicating with the mobile 
communications terminal. Intra-cell interference is due 
to reception of non- orthogonal signals transmitted from 
the base station (e.g. the synchronisation channel in 
WCDMA) or due to multi-path propagation of the 
communication signal). One important feature of intra- 
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cell interference is that it travels the same path as the 
communication signal and thus experience the same fading. 

The type of interference that a communication signal is 
distorted with at reception by a mobile communication 
5 terminal is an important parameter for optimisation of 
several algorithms in the terminal and in turn for 
improving the quality of the wire- less communication. 

There exists known methods for classifying interference 
by means of spectrum estimation techniques. However, 

10 these methods are very complex and involves large 
processing means. The different types of interference may 
degrade performance of a mobile communications terminal. 
Thus there is a need for a less complex method that can 
be implemented in small -sized and/or mobile communication 

15 terminals. 

Therefore, the prior art involves the problem that a 
present type of interference affecting performance in the 
form of transmission capacity and/or quality of a mobile 
communications terminal is not determined - thereby not 
20 making it possible to take the type of interference into 
account when communicating by means of the mobile 
communications terminal . 

Thus an object of this invention is to provide a mobile 
communications terminal for use in a cellular 

2 5 communications system capable of determining a present 

type of interference. 

This is achieved when the mobile communications terminal 
mentioned in the opening paragraph is characterized in 
that the electronic circuit is adapted to classify a type 

3 0 of interference, affecting the communications quality, by 

evaluating signals selected in the electronic circuit as 
signals having information for classifying a type of 



interference in one of at least two predetermined classes 
of interference. 

Consequently, it is possible to determine a present type 
of interference by evaluating internal signals that are 
present in a standard mobile communications terminal. 
Thus, it is possible to take the type of interference 
into account when correcting a received communications 
signal - thereby providing for a better performance of 
the mobile communications terminal. Further, only simple 
means for classifying the type of interference are needed 
since the signals having information for classifying a 
present type of interference are already present 
internally for verifying, adjusting, or demodulating the 
communication signals. 

The invention will be explained more fully below in 
connection with a preferred embodiment and with reference 
to the drawing, in which: 

fig. i shows a cell-structure in a cellular 
communicat ions system ; 

fig. 2 shows a block-diagram of a mobile communications 
terminal ; 

fig. 3 shows a classifier and two algorithms; 

fig. 4 shows different variables available in a mobile 
communications terminal as a function of time in inter- 
cell and intra-cell interference situations; 

fig. 5 shows a flow-chart for a method of classifying 
interference; and 

fig. 6 shows a block-diagram of a mobile communications 
terminal according to the invention wherein the 
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determined interference type is used to improve the 
interference power estimate. 

Fig. 1 shows a cell-structure in a cellular 
communications system. The cell-structure comprises a 
5 number of cells 101 each of them including a base-station 
102. In a mobile communications system, the base-station 
102 is adapted to provide wire- less communication with 
one - or typically more - mobile communication terminals 
106 located within the cell and to provide communication 
10 with other base-stations or switching units by means of a 
wired net . 

The base- stations are located to provide a desired level 
of communication coverage for wire- less communication 
over a given geographical area. Wire- less communication 

15 signals emitted from a base-station with a specified 
power-level will be damped as a function of the distance 
to the transmitter. Further, since propagation of the 
wire-less communication signals cannot be controlled 
precisely due to the presence of buildings, different 

20 types of landscape features etc. it will be possible in 
some areas between two base- stations 107 and 108 to 
detect signals transmitted from both of the base- 
stations. Such an area is illustrated as the area covered 
by both of the circles 103 and 104 that indicates a 

25 radiation pattern from the base-stations 107 and 108, 
respectively. 

In a mobile communications terminal, circuitry is adapted 
to select one or many out of two or more base-stations 
capable of providing communication with the base- stations 
30 e.g. to select the base-station providing the best 
communication quality. However, other base-stations still 
transmits communication signals that can and will 
interfere with communication signals from a selected 



- 6 - 



base-station thus degrading the communication quality 
otherwise obtainable from the selected base- station. This 
is called inter-cell interference. 



V-.V: 



5 Fig. 2 shows a block-diagram of a typical mobile 
communications terminal. It is shown how signals used for 
common purposes e.g. demodulation, gain control, etc. in 
the mobile communications terminal can be detected for 
the special purpose of classifying interference. A wire- 

10 less communication signal can be received by an antenna 
202 connected to an antenna filter 201 for passing the 
communication signal and rejecting other signals. The 
output of the antenna filter is connected to a high 
frequency amplifier 203 that is controlled by an 

15 automatic gain control unit 2 04 to compensate for a 
varying signal strength of the received communication 
signal. The signal AGC-GAIN is a signal controlling the 
gain of the amplifier 203. According to the invention, 
such an AGC-GAIN signal can be selected as a signal 

20 having information for classifying interference. 

The output of the amplifier 2 03 is provided as a first 
input signal to a mixer 206 via a band-pass filter 205 
removing high-frequency noise and low- frequency 
components i.a. from the automatic gain control unit. A 

25 second input signal to the mixer 206 is provided by a 
frequency synthesis unit 211 via a phase-locked loop 
comprising a controlled oscillator 215, a frequency 
divider 213, a phase-detector 212, and a band-pass filter 
214. By means of the mixer 206, the communication signal 

3 0 is shifted down in frequency to an intermediate frequency 
IF. The communication signal at the intermediate 
frequency is, output from the mixer 206, is fed to a 
demodulator 209 via an intermediate frequency amplifier 



207 and a band-pass filter 208 with a pass-band around 
the intermediate frequency. The processor 210 is 
connected to the demodulator 2 09 to decode information 
e.g. voice, V, and data, D, transmitted on the 
communications channel . 

In order to estimate the quality of the received 
information the processor 210 is adapted to calculate an 
interference power estimate. Typically, an interference 
estimate, INT, is calculated based on the variance of 
received known symbols (so-called pilots) i.e. a test 
sequence transmitted by the base-station. According to 
the invention, such an interference power estimate can be 
selected as a signal having information for classifying 
interference. Moreover, the processor 220 is adapted to 
calculate a signal S that represents the strength of the 
communication signal from the base- station the terminal 
is in communication with. In a so-called 3GPP the signal 
S can be measured as the power at the common pilot 
channel (CPICH) . However, both in 3GPP systems and in 
other systems S can be measured in various ways. 

The signal S representing the strength of the received 
communication signal can be monitored and selected as a 
signal having information for classifying interference. 

In order to transmit information e.g. voice, V, and data, 
D, the information is encoded in the processor 22 0 to 
transmit this information on a communications channel. 
The information is modulated on a intermediate frequency 
IF by means of a modulator 217. The intermediate 
frequency IF is supplied by a frequency synthesis unit 
219 via a band-pass filter 218. The modulator 217 is 
connected to a mixer 216 for up-shifting the signal at 
the intermediate frequency to a high-frequency carrier. 
The up-shifted signal is supplied to the antenna 202 via 
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a band-pass filter 221, a high-frequency amplifier 222, 
and an antenna filter 201. According to various standards 
prescribing communication protocols for mobile wire-less 
communication there is incorporated a so-called 
5 Transmission- Power- Control, TPC, command in the 
communications protocols. The processor 22 0 is adapted to 
communicate such TPC commands to a base -station in 
response to a monitoring of a received communication 
signal. Thus, the mobile communications terminal can 
10 request the base-station to transmit communication signal 
to the terminal with more power to obtain a sufficient 
S communication quality if the received communication 

f|j signal is too weak and vice versa. According to the 

W invention, such Transmission- Power- Control commands can 

fil 15 be selected as a signal having information for 

u " classifying interference. 

'Si 

fy It should be noted that although a homodyne receiver has 

been referred to, other types of receivers e.g. homodyne 
receivers can include the above mentioned or other types 
2 0 of signals having information for classifying 
interference . 

Fig. 3 shows a classifier for determining a type of 
interference. The classifier 3 01 is connected to receive 
the signals AGC-GAIN, TPC, INT, and S and adapted to 
25 classify an interference affecting at least one of the 
signals GAIN, TPC, INT, and S as either inter-cell or 
intra-cell interference. The classifier 301 provides two 
binary signals INTRA and INTER. The binary signals can be 
used for selecting different algorithms depending on the 
30 type of interference determined by classifier. 

A truth-table for the binary signals and an associated 
action is stated in table 1 below. 
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Action: 




INTRA 


INTER 


A2 enabled 
Al disabled 


Inter-cell 
interference 


0 


1 


Al enabled 
A2 disabled 


Intra-cell 
interference 


1 


0 



Table 1. 



When intra-cell interference is detected, the algorithm 
Al is enabled and when inter-cell interference is 
detected, the algorithm A2 is enabled. The algorithms 
receives input data via the port IN and provides output 
data via the port OUT. Instead of enabling different 
algorithms in response to signals from the classifier 501 
it can be expedient to load an algorithm with different 
sets of parameters that are selected or calculated in 
response to the signals from the classifier. 

Inter-cell interference can be considered as stationary 
white noise since communication signals from base- 
stations in neighbour cells correlates to a small extend 
only with communication signals from a selected base- 
station. Therefore, it is convenient to reconstruct i.e. 
enhance the quality e.g. by enhancing the signal-to-noise 
ratio of the communication signal - with a filter 
providing some type of averaging - that has a relatively 
large time-constant . 

2 0 Intra-cell interference, on the other hand, should not be 
considered as stationary white noise since a 
communication signal travelling along different paths 
creates time- shifted and amplitude varying echoes only, 
thus having a relatively large correlation with each 

25 other. This in turn creates an amplitude varying 
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communication signal. Therefore, it is convenient to 
reconstruct the communication signal with a filter 
providing some type of averaging over a relatively short 
time interval, e.g. by means of a moving average filter.. 

5 The algorithms Al and A2 and the classifier 3 01 can be 
embodied as program code for the processor 22 0 - and/or 
be embodied directly in an application specific 
integrated circuit, ASIC. The algorithms Al and A2 can 
implement two digital low-pass filters e.g. with a 
10 relatively high and a relatively low bandwidth. 

O 

y Fig. 4 shows different variables/signals available in a 

=?! mobile communications terminal as a function of time t in 

inter-cell and intra-cell interference situations. These 
m signals include information for classifying i.e. 

* 15 determining a type of interference and may therefore be 

fy selected for that purpose. The signals can be detected in 

the flow-chart shown in fig. 5. 

m 
O 

%jl For all the signals shown it is assumed that maximum 

interference appears at time t-T. That is, the 

2 0 interference level has a maximum (peak) value at time t=T 

or - alternatively - that the interference has a minimum 
(a fading dip) at time t=T. 

When intra-cell interference is present, the TPC signal 
will remain substantially constant over time, the AGC 
25 signal will peak in amplitude, and the signal strength, 
S, and the interference estimate will dip in amplitude. 

When inter-cell interference is present, the AGC signal 
and the interference estimate, INT, will remain 
substantially constant over time, the TPC signal will 

3 0 peak in amplitude, and the signal strength, S, will dip 

in amplitude. 
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The signals can be continues analogue signals or discrete 
digital signals. The signals can be sampled over time and 
two or more samples at different times can be compared 
such that it is possible to detect the signal 
5 characteristics e.g. a peak, a dip, etc. A signal can be 
sampled e.g. at time t-T and at time t=T-n. 

Fig. 5 shows a flow- chart for a method of classifying 
interference. The flow-chart illustrates the operation of 
the classifier 301 in co-operation with the mobile 
10 communications terminal in fig. 2. In step 501 a 
M communication signal from a base-station is received. In 

fy step 502 it is verified whether a test statement TST1 

Jjjj capable of detecting intra-cell interference based on 

Sj selected signals is true or false. If the test statement 

tf s 15 TSTl is true it is determined that intra-cell 

y. interference is present. In step 506 the mobile 

communications terminal is controlled to use parameters 
J» that are optimal for receiving intra-cell distorted 

S communication signals. 

M 8 

20 Otherwise, if the test statement TSTl is false, it is 
verified whether a test statement TST2 capable of 
detecting inter-cell interference based on selected 
signals is true or false. If the test statement TST2 is 
true it is determined that inter- cell interference is 

25 present. In step 505 the mobile communications terminal 
is controlled to use parameters that are optimal for 
receiving inter-cell distorted communication signals. 

The test statement TSTl capable of detecting intra-cell 
interference can be stated in numerous ways, e.g. in the 
3 0 following ways: 

TSTl: a) ABS ( INT (T) - INT(T-n)) < e 



b) ABS (AGC (T) - AGC(T-n)) < e 
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Likewise, the test statement TST2 capable of detecting 
inter-cell interference can be stated in numerous ways, 
e.g. in the following ways: 

5 TST2: c) ABS ( INT (T) - INT(T-n)) > e 

d) ABS(TPC(T) - TPC(T-n)) < e 



Q It should be noted that other alternatives are possible 

Sj for classifying interference - such alternatives can be 

W 10 found in the field of time series analysis, multivariate 

111 

pi statistics, pattern recognition etc. 

f Fig. 6 shows a block-diagram of a preferred mobile 

ffj communications terminal according to the invention 

Mj wherein the determined interference type is used to 

55 15 improve the interference power estimate. The terminal 

M> comprises an antenna 601 for receiving a wire-less 

communication signal that is amplified and converted to a 
digital signal S (k) in high-frequency amplifier 602. S(k) 
is a sequence of digital samples where k denotes a sample 
20 in the sequence. The digital signal S (k) is provided to 
an interference estimator 603 that provides an 
interference estimate in the form of a sequence of 
digital samples I (k) . This interference estimate is 
supplied to a digital low-pass filter 604. The time- 
25 domain transfer function for the digital filter can be 
written as: 

IfiltOO = alpiLT(k-l) + (l-a)f(k) 



where I (k) is input to the filter, I filt ( k ) is output from 
the filter and a is a filter constant. The number of 
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samples the filter is calculating an average over can be 
approximated as l/(l-ct). 

In the case that the dominating interference is 
classified as inter-cell interference, the interference 
power estimate is calculated by employing much filtering 
in the estimation of the interference power estimate. 
This can be carried out by averaging over a relatively 
large number of samples, e.g. with a«0,99; thereby the 
filter has a relatively low band-width. Consequently, the 
variance of the interference power estimate is reduced. 
This will improve the interference power estimate since 
in this situation the interference may appear as almost 
stationary in time (the signals causing the interference 
are almost uncorrelated with the communication signal) . 

In the case that present interference is classified as 
intra-cell interference only limited filtering is applied 
in the estimation of the interference power estimate. 
This can be carried out by averaging over a relatively 
small number of samples, e.g. with a«0,80; thereby the 
filter has a relatively high band-width. In this 
situation the signals causing the interference is highly 
correlated with the communication signal (they will 
appear as echoes with almost the same amplitude as the 
first arriving signal that is interpreted as the 
communication signal) and thus will exhibit heavy 
fluctuations over time. 

The output signal from the digital filter 604 is supplied 
to a power control component 605. This power control 
component is arranged to communicate with the base 
station to control the power level of communication 
signals transmitted to the mobile terminal. 

The output signal from the digital filter 604 is also 
supplied to a soft information processor 606 that 
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provides so-called side information in the form of a 
Maximum Ratio Combining (MRC) signal. Side information 
provides a quality measure of the received wireless 
signal and can in turn be used as reliability information 
in a process of decoding symbols in the received signal. 

The soft information processor 606 receives the filtered 
symbols and split them into a number of branches; in each 
branch random values are added to the filtered symbols 
I FILT (k) . In each branch a filter is applied. The 
bandwidth of these filters are adjusted according to the 
type of interference. The filters may be low-pass filters 
where a relatively low cut-off frequency is selected when 
intra cell interference is present, and where a 
relatively high cut-off frequency is selected when inter 
cell interference is present. Signals provided by each of 
the branches are added with a weight value that equals 
the signal-to-noise ratio for each branch and 
subsequently supplied as the Maximum Ratio Combining 
signal . 

Although inter-cell and intra cell-inter interference has 
been described as two major groups of interference a more 
precise classification of interference can be used. 

The invention can find application in all fields of 
mobile wire- less communications systems - e.g. in systems 
allowing for direct terminal -to-terminal communication 
without involving a base-station. 



